One of the central roles of legislatures is to scrutinize and amend legislation, but little academic attention has been given to the level of amendment which draft laws receive. It is not known, for instance, how much of the text is amended during the passage of a typical bill. This question is of more than academic interest. While draft legislation is subject to pre-legislative consultation, amendments introduced during the parliamentary process may receive rather less scrutiny. This paper describes a novel method to map and record the changes that take place in UK legislation as it passes through the parliamentary process. In a pilot study of 56 UK government bills from three parliamentary sessions since 2008, we found that on average about a third of the lines of legislative text were amended (running in some cases to thousands of altered lines) and bills increased in length by an average of forty per cent. Whether this degree of alteration is 'too much' is beyond the scope of this study, but it demonstrates the extent to which the final legislation may differ from the initial draft.
Introduction
An important role of Parliament is to scrutinize and amend legislation. In the UK, about thirty major pieces of primary legislation are produced each year. Typically, hundreds of government and opposition amendments to each bill are proposed at each amending stage in the two legislative chambers (the House of Commons and House of Lords), and almost all proposed government amendments are 'agreed' (that is, incorporated into the subsequent version of the bill). 1 Such amendments serve a variety of purposes. Government amendments may reflect changes of policy and circumstances that arose since the bill was drafted. They may arise from earlier rounds of consultation and debate, or be versions of amendments originally proposed by opposition or backbench legislators (Russell 2013:168) . And some may be needed to repair defective legislation, too hastily put together (Foster 2005) . Others are known as 'technical' or 'drafting' amendments, for instance making changes consequent on other amendments.
We do not claim that counting amendments or measuring the degree of change of legislative text tells us a great deal about the parliamentary process. Detailed studies of specific amendments allow scholars to track how policies change during the process of legislation, or to understand the political purpose of particular changes (e.g. Kreppel 1999; Russell 2013; Tsebelis et al. 2001; Martin and Vanberg 2005) . Case studies of particular bills (e.g. Bovey 2008; Timmins 2012) But how much of the bill text is altered through amendment? A study of UK bills on two legislative topics (Health and Criminal Justice) since 1972 showed that on average over four hundred government amendments were agreed for each bill (Hood and Dixon 2015: 211) . Existing quantitative studies of legislative amendments are few in number and generally include only a 1 UK legislation is referred to as a bill as it proceeds through parliament and an Act of Parliament when it receives Royal Assent. In the UK legislative process, amendments can be made in five Parliamentary stages: the House of Commons Committee and Report stages, and the House of Lords Committee, Report and Third Reading stages.
limited number of pieces of legislation. The study mentioned above included twenty-nine UK bills.
Amy Kreppel (1999) (Drewry and Brock 1993) . This near-absence of quantitative research is partly because the process is so laborious. In the UK, agreed amendments are recorded in a different way at each parliamentary stage. There is also little administrative data available: for instance the House of Lords Public Bill Office provides statistics on the number of amendments made in that chamber, but there is no equivalent information from the House of Commons. Furthermore, a count of amendments does not measure the proportion of text changed.
The advent of advanced data-processing methods suggests that there should be a way of automating, or at least streamlining, this type of analysis. In other fields, such as bioinformatics or software version control, techniques for comparing 'code' (whether genetic code or lines of software) are well established. Since DNA sequencing was developed in the 1970s (Sanger et al. 1977 ) the field of bioinformatics has used such comparisons to analyse evolutionary relationships and the changing functions of genes (e.g. Emms and Kelly 2015; van't Hof et al. 2016) . Legislative changes can be likened to the mutations in DNA, which involves additions or deletions of sections of code, and single word (or letter) changes. Our methodological choices, however, were determined by the structure of legislative text. Genetic code is compared on a letter-by-letter basis, but legislative texts are better compared line-by-line or paragraph-by-paragraph. This is more akin to software version control (see e.g. Kemper and Oxley 2012) , and so our method uses software designed for line-by-line comparisons. A similar approach is taken by a project on French legislation 'La Fabrique de la Loi' (https://www.lafabriquedelaloi.fr/).
Taking inspiration from the advances in other fields, we accordingly developed a method for mapping the amendments agreed in successive parliamentary stages during the passage of a piece of legislation. This paper describes our method and its validation, as well as our preliminary results.
Finally, we discuss the implications of our results and describe future directions for this research.
Methodology and Data Sources

A Semi-automated Approach to Mapping Amendments
Our method is outlined in Figure 1 . from optical character recognition errors as the PDF is generated from scanning a paper document.
These documents are also structured in a way that makes separating the text from extraneous material such as marginal notes almost impossible. For this study, therefore, we worked only with bills published after 2007, which are generated from electronic sources.
As PDFs are not ideal for our method, as discussed below (section 2.5), we also investigated the possibility of using the underlying files from which the PDFs are produced. UK legislation is currently written using Adobe FrameMaker. The mark-up language (XML) extracted from FrameMaker files requires far less pre-processing than PDFs before comparison. However, these files are not publicly manually. FrameMaker-derived XML files were simplified by removing all XML metadata, and all punctuation and digits. 6
Text comparison
The resulting 'simplified' texts of pairs of bill versions were compared using the free software 'WinMerge' (WinMerge 2.14.0, winmerge.org) which compares text on a line-by-line basis. A patch file (file of differences) was created for each comparison which contained the line numbers of any differences, classified by WinMerge as 'additions', 'deletions' or 'changes.' The patch file also contained the actual text of each line that was added, or deleted, or changed. spreadsheet, an edited version of the patch file was saved which contained only the changes classified as amendments. Both the 'raw' and the 'edited' patch files were analysed as described in section 2.6.
Validation exercise: classification of detected differences
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Validation exercise: classification of changes
The results of the manual classification of changes as 'amendments' and 'other' are shown in Table   1 and Figure 3 . Figure   3 . Thus omitting the 'classification' step would only slightly overestimate the degree of amendment for most bill comparisons. 8
Figure 3. Percentage of text changed in 72 bill stage comparisons (ordered by overall level of change).
To test the method on XML files, we obtained all seven 9 versions of the Health and Social Care bill 2012 in both PDF and XML, and conducted the same analysis on both types of file. Although the 8 Two comparisons contained a relatively large proportion of 'other' changes (over 6 per cent of the text). One was a very short bill, where the conventional change to the formatting of the long title in the final Act altered over five per cent of the text. The other was a bill that containing a large number of tables, which were picked up inconsistently when copied from the PDF originals. Both of these types of problems would be mitigated by using XML originals. 9 Unusually, this bill went through two Commons public bill committee (PBC) stages, resulting in seven versions. The tortuous passage of this bill was described in the report Never Again? (Timmins 2012 
Comparisons of bills and bill stages
Turning to our pilot study of bills and stages, we first evaluated successive pairs of bill versions at each parliamentary stage for 17 government bills published between 2009 and 2013 (Table 2) . For this study, we classified each change into 'amendment' and 'other' types of change, and report only 'amendments' in Table 2 . 10 The difference in length arises because text copied from PDFs separates paragraphs that occupy more than one line on the typeset page into the corresponding number of lines of plain text, while XML-derived text puts each paragraph on a single line. As Tables 2 and 3 demonstrate, this sample of government bills was subject to a considerable level of amendment. On average, about a third of the lines in each bill were altered during the parliamentary process (this proportion was very similar whether the bills were introduced in the Commons or in the Lords). There was a wide variation between bills, with a few bills passing without amendment and others in which more than half of the lines of text were altered.
Another striking finding was that the legislation grew considerably length during the parliamentary process, averaging increases of over forty per cent. Only three bills in our sample experienced an overall reduction in length (of which two were by trivial amounts due to formatting changes).
altered (the average proportion across all stages was 7.5 per cent). The level of amendment differed between stages, which is to be expected given the different conventions and rules that apply to each stage of the parliamentary process (House of Lords 2011). For instance, issues already debated and decided cannot be reopened at the Lords Third Reading stage. Amendments made at that stage are generally intended to tidy up the bill, or for ministers to fulfil commitments made at earlier stages in the process. Accordingly, we found that the least amount of text changed at the Lords Third Reading stage. We found that the proportion of any bill version changed by amendments or other changes was independent of the overall bill length, as shown in Figure 5 . of good legislation is that it should be stable enough to guide action (Fuller 1969:80) . If legislation is wildly unstable even as it passes through parliament, the resulting law may not survive long before it is challenged in the courts or needs to be revised by subsequent legislation. The high levels of 'churn' in government, whether the rapid turnover of ministers, senior civil servants, departments, agencies, performance targets, financial data series, or policies, have been widely discussed (see e.g. Berlinski et al. 2012; Theakston and Fry 1989; White and Dunleavy 2010; Elston 2013; James 1994; Martin 2009; Soroka et al. 2009; Norris and Adam 2017) . We might now add 'bill text churn' to this list.
But do these amendments improve legislation? While that question can't be answered by this study, our findings offer some directions for future research. Of course, the process of amendment is a necessary and valuable function of parliament, allowing legislators to correct and improve legislation after detailed scrutiny. Although the vast majority of agreed amendments are 'government' amendments, 12 the scarcity of agreed 'non-government' amendments does not necessarily imply that governments are unresponsive to the arguments of opposition or backbench legislators. As Meg Russell showed, more than half of agreed 'policy-type' government amendments in twelve bills in the House of Lords were versions of amendments originally proposed by non-ministerial peers (Russell 2013) . And Louise Thompson found that ministers were almost twice as likely to give an undertaking to consider opposition or backbench amendments (with a view to bringing them back as government amendments at a later stage) in committees that heard oral evidence compared to those that did not (Thompson 2014) . Lanny Martin and Georg Vanberg found that under coalition governments in Germany and the Netherlands, laws on issues that divided the coalitions were more amended than legislation on less contentious issues (Martin and Vanberg 2005) . However, the possible link between high levels of amendment and lower quality of legislation is certainly worthy of further study. A House of Lords report noted in 1987: 'Government legislation has been more heavily amended in the Lords than in previous Sessions […] which suggests than legislation may have been introduced without adequate consideration.' 13 And former government adviser Christopher Foster argued that legislation is increasingly poorly prepared and requires numerous amendments to 'repair' it during the parliamentary process (Foster 2005 ).
Alternatively, it is possible that changes to parliamentary processes, such as advances in electronic drafting and dissemination of bill texts, have improved the quality of both drafting and scrutiny (Hood and Dixon, 2015: 155-156) .
By providing a convenient way of measuring the degree of amendment of legislation, our methodology can therefore contribute to studies of the quality and characteristics of legislation, alongside other methods such as linguistic and mathematical analysis (e.g. Williams 2016; Bommarito and Katz 2010; Waltl and Matthes 2014) and detailed qualitative or quantitative case studies. Our method also generates a file of all the lines of altered text which can be used for further analysis of the substance of the amendments. This approach can be applied to legislative texts from other jurisdictions, wherever suitable electronic versions of bill texts are available. Our study of UK legislation was limited by the lack of bill versions from before 2007, but the availability of XML versions of recent legislation suggests that studies of this type will become much more practicable and widespread in the future. 13 The House of Lords Report on the Working of the House (HL 9, 1987-88) .
